Abstract Diagnosis of traumatic diaphragmatic hernia due to blunt abdominal trauma requires a high index of suspicion. This study was conducted to assess the accuracy of multidetector computed tomogram (MDCT) in the diagnosis of traumatic diaphragmatic hernia. All patients with thoracoabdominal blunt trauma with diaphragmatic hernia diagnosed on radiologic evaluation during a 3-year period (i.e., from June 2004 to June 2007) were analyzed. Nineteen patients with diaphragmatic injuries in 117 patients with blunt thoracoabdominal injury (16.23%) were studied. Age range was 8-60 years (mean 34 years). Male-female ratio was 18:1. Various features seen on CT scan were diaphragmatic discontinuity in 13 (68.42%), thickened diaphragm in 10 (52.63%), "collar sign" in 8 (42.10%), visceral herniation in 12 (63.15%), dependent viscera sign in 8 (42.10%), and segmental nonrecognition of the diaphragm in 1 patient (5.88%). Two patients presented with delayed rupture. In the rest mean duration between time of injury and performance of CT scan was 44.35 h (range 3-288 h). Fourteen patients underwent operative management. Sensitivity, specificity, and accuracy of MDCT scan were 100, 93, and 95%, respectively. Three patients (15.78%) expired. MDCT is a highly accurate modality for detecting traumatic diaphragmatic hernia.
Introduction
Diaphragmatic injuries remain a diagnostic challenge for both radiologists and surgeons. The detection of traumatic diaphragmatic rupture in the acute setting is problematic because specific clinical signs are usually not evident [1] . Furthermore, the high frequency of associated injuries (52-100%) may distract from diaphragmatic injury [2, 3] .
In conservatively managed patients, the rate of initially missed diaphragmatic injuries ranges from 12 to 66%, and they may even be overlooked at laparotomy [4, 5] . Diagnosis of a diaphragmatic injury requires a high index of suspicion, as delayed diagnosis increases the chance of visceral herniation and strangulation, which has mortality as high as 60% [6] . Thus, the ability to detect diaphragmatic injuries with noninvasive techniques is increasingly important [7] .
Initial reports found CT to have sensitivity equal to that of chest radiography (i.e., 0-50%) [1, 8] . Because of a dramatic reduction in motion and beam-hardening artifacts and significant improvement of spatial resolution, especially along the z-axis, helical CT and multisection CT allow better demonstration of most subtle signs of diaphragmatic herniation. In addition, these are also useful tools in the evaluation of patients with multiple traumatic injuries [7] .
Material and Methods
All patients with thoracoabdominal blunt trauma with diaphragmatic hernia diagnosed on multidetector computed tomogram (MDCT) during a period of 3 years from June 2004 to June 2007 were analyzed. We assessed variables such as age, gender, mechanism of trauma, methods of diagnosis, herniated organs and associated lesions, time of evolution, morbidity, and mortality. Anteroposterior supine chest radiograph, which was performed in all patients, was also analyzed. Computed tomogram (CT) was performed on four-slice MDCT after an IV bolus of iodinated contrast agents. A slice thickness of 4 mm at a pitch of 1.5 was useful to evaluate thorax and abdomen with reconstruction at 1 mm reconstruction increment. An oral contrast agent was given whenever required. Multiplanar reconstruction was done in sagittal and coronal planes. Images were read in lung parenchyma, soft tissues, and bone windows. Findings were analyzed in a prospective manner to evaluate their use as a diagnostic modality as well as to determine their contribution to patient management.
Observations
Nineteen patients with diaphragmatic injuries were detected in 117 patients with thoracoabdominal injury (16.23%). Their age ranged from 8 to 60 years (mean 34 years). There were 18 male and 1 female patients. Fourteen patients (70.59%) were involved in road traffic accidents, while the rest were due to blunt trauma of various other causes. Eleven patients had involvement on the left side (Figs. 1 and 2), while eight had involvement on the right side (Figs. 3 and 4). Out of 19 patients, 10 were detected on chest radiographs (52.63%) and all 10 of them were on the left side (Fig. 1a) . Sensitivity, specificity, and accuracy of diaphragmatic injury by chest radiographs were 52.63, 100, and 92.3%, respectively. Various radiographic features seen are detailed in Table 1 .
Various features seen on CT scan were (Table 2 ) diaphragmatic discontinuity in 13 patients (Fig. 2) ; thickened diaphragm was seen in 10 patients (Fig. 4) ; "collar sign" was seen in 8 patients (Figs. 2 and 3b) ; visceral herniation was seen in 12 patients (Figs. 1b, 2 and 3b); dependent viscera sign was seen in 8 patients (Fig. 2) ; and segmental nonrecognition of the diaphragm was seen in 1 patient. Most common herniated contents were stomach and bowel loops Fig. 2 ) and the liver on the right side (seen in two cases) (Fig. 3b) . Associated finding including bilateral hemothorax was seen in 5 patients, left-sided hemothorax was seen in 4 patients, and right-sided hemothorax was seen in 3 patients. Hemoperitoneum was seen in 4 patients. Associated solid organ injuries were liver injuries in 9 ( Fig. 4 ), splenic injury in 1, pancreatic injury in 2, kidney injury in 5, adrenal injury in 3 ( Fig. 4) , and small bowel injury in 2 patients. Fracture of ribs was seen in 7 patients (41.17%), fracture of the pelvis was seen in 2 patients (10.52%), and fracture sternum and thoracic vertebrae were seen in 1 case (5.2%) each.
Two patients presented in the delayed phase, one after 2 years and another after 20 years. Mean duration between time of injury and performance of CT scan in the rest of the patients was 44.35 h (range 3-288 h).
Forty-one patients with thoracoabdominal injury were operated. There were 14/19 patients with diaphragmatic hernia. Thirteen patients were operated for diaphragmatic repair ( Fig. 5 ) and one was for bowel injury along with suspected diaphragmatic injury. Two patients were found false-positive. The remaining 5/19 patients were conservatively managed. Out of these, 3/19 patients expired and all three had undergone operative management. In two of these patients, it was for diaphragmatic repair and one was for bowel injury.
Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of CT scan were 100, 93, 8, 100, and 95%, respectively. Comparison of our findings with those reported in the literature is shown in Table 3 . Sensitivity for various CT signs such as direct discontinuity of diaphragm, "collar sign," intrathoracic herniation of abdominal contents, and "dependent viscera sign" was 100, 66.66, 100, 66.66, respectively.
Discussion
The incidence of diaphragmatic rupture varies from 0.8 to 8% following major blunt trauma [9] [10] [11] . Sennertus was the first to describe a traumatic diaphragmatic hernia in 1541 [4, 12] . Bowditch made an antemortem diagnosis of a traumatic diaphragmatic rupture in 1853 [13] . Shanmuganathan et al. [9] has stated that more than 90% of blunt traumatic diaphragmatic ruptures occur following motor vehicle accident. There were 12 patients in our study (70.59%). The mechanism of injury is thought to be a lateral impact distorting the chest wall and shearing the diaphragm or a direct frontal impact causing a sudden increase in intra-abdominal pressure [5] . Carter et al. proposed three time phases for patients with diaphragmatic injury. The acute phase extends from the time of injury to 14 days afterward. If the patient survives the initial trauma and the hernia is not manifest within the first 14 days, the second or interval phase is entered. This interval phase extends until the third stage, which is the phase of obstruction or strangulation [6] . Seventeen of our patients presented in the acute phase, while two presented in the delayed phase. We did not pick up any patient in the interval phase.
Injuries to the left hemidiaphragm occur three times more frequently than to the right side following blunt trauma. On the left side, the left posterolateral aspect is the commonest site. This is structurally weak area as it originates from the pleuroperitoneal membrane [14] . The right hemidiaphragm is congenitally stronger and is partially protected by the liver, preventing the transmission of force through the abdominal viscera to the right hemidiaphragm. Bilateral hemidiaphragm injuries are uncommon and are seen in up to 4.5% of patients. There was no case in our study. The leftsided diaphragmatic rupture following blunt trauma is seen in 68.5-87% cases [9, 15] . Eleven patients (57.89%) had the left-sided diaphragmatic rupture in our study.
Although multiple imaging modalities are available to evaluate the diaphragm following major blunt trauma, chest radiographs are the initial and the most commonly performed imaging study. The initial radiographs are diagnostic in 27-60% of cases with the left-sided injury, but only 17% in the right-sided injury [9] . Attempts have been made to improve the sensitivity of plain chest radiographs by repeating films after nasogastric tube placement and contrastenhanced gastrointestinal tract studies [16] . Chest radiographs were positive in 52.63% in our series and all of them were on the left side.
Diagnosing a diaphragmatic hernia as hydropneumothorax on radiographs is not an uncommon mistake that is made and is well identified in the literature [17] . In our series, one of the cases highlights this mistake (Fig. 1a and b) .
Helical CT is valuable in the preoperative detection of diaphragmatic ruptures [5, 16] . Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy reported by various authors [5, 11, 16, 18] are shown in Table 3 . Findings are comparable with the findings of our study.
Of the two false-positive cases found in our study, one was a small tear seen in the left diaphragm found on CT scan, which was not confirmed by surgical intervention. Small defect seen in 6% of general population is a normal variant and is seen more commonly in older patients, in women, and in those with emphysema [18] . The second case was diagnosed on the basis of the thickened right hemidiaphragm. Nachimi et al. [18] also found a high degree of false-positivity in their study for this sign.
The most common viscera to herniate is the stomach and colon on the left side and the liver on the right side, as seen in our series [18] . Nachimi et al. [18] described 11 signs of blunt diaphragmatic rupture on CT scan. They found that any positive finding significantly increased the likelihood of blunt diaphragmatic rupture (p<0.001). Multivariate logistic regression found six signs to be isolated good predictors (p< 0.001) of blunt diaphragmatic rupture: diaphragmatic discontinuity, segmental unrecognized diaphragm, intrathoracic herniation of abdominal content, elevated abdominal organs, thickened diaphragm, and presence of both hemothorax and hemoperitoneum. Murray et al. [5] evaluated 11 cases of diaphragmatic rupture and found that diaphragmatic discontinuity was seen in 8, visceral herniation was seen in 6, and the collar sign was seen in 4 patients.
Dependent viscera sign occurs when the herniated organs directly abut the posterior ribs due to absence of posterior support by the diaphragm, which ruptures in case of diaphragmatic hernia. It is described in the literature to be up to 100% sensitive [19] . Intrathoracic herniation has been found to be 32-64% sensitive. Diaphragmatic discontinuity is 71-80% sensitive and the "collar sign" up to 63% with helical CT [16] . The finding in our series is described in Table 2 .
Other signs described in the literature are contrast medium extravasation at the level of the diaphragm described by Larici et al. [11] and hypoattenuation of the hemidiaphragm due to devascularization described by Nachimi et al. [18] . Nachimi et al. found 0% sensitivity for the first sign, as also seen in our series. To the best of our knowledge, no other author has reported the second sign. These signs were not observed in our series.
Both Killeen et al. [16] and Larici et al. [11] found that helical CT performed better for the left-sided injuries, while we found the sensitivity and specificity to be equal on both sides. Also, in contrast to Killeen et al. [16] , Larici et al. [11] found that sagittal and coronal reformation added little to the ability to diagnose diaphragmatic injury. It was helpful only in three of our cases.
High incidence of associated injuries such as pelvic fractures, thoracic aortic injury, hepatic, and splenic injuries has been reported in up to 100% of patients with diaphragmatic injury [9] . Brasness et al. [20] have found that associated abdominal injuries are common with liver (38%), spleen (34%), and renal injuries in (30%) and splenic injuries were seen in 7%. Similar findings were seen in our series.
Conclusion
MDCT is a highly accurate modality for diagnosing traumatic diaphragmatic hernia. In addition, it is fast and compatible with various life-support systems; hence, it can be used in acute trauma setting for making a diagnosis and helping in the management.
